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On the role of C in MgC
x
Ni3, from the rst-priniples
P. Jiji Thomas Joseph and Prabhakar P. Singh
Department of Physis, Indian Institute of Tehnology- Bombay, Mumbai 400076 India
The inuene of vaanies in the C sub-lattie of MgCNi3, on its strutural, eletroni and
magneti properties are studied by means of the density-funtional based Korringa-Kohn-Rostoker
Green's funtion method formulated in the atomi sphere approximation. Disorder is taken into
aount by means of oherent-potential approximation. Charaterizations representing the hange
in the lattie properties inlude the variation in the equilibrium lattie onstants, bulk modulus and
pressure derivative of the bulk modulus, and that of eletroni struture inlude the hanges in the,
total, partial and k-resolved density of states. The inipient magneti properties are studied by
means of xed-spin moment method of alloy theory, together in onjuntion with the phenomeno-
logial Ginzburg-Landau equation for magneti phase transition. The rst-priniples alulations
reveal that due to the breaking of the C-Ni bonds, some of the Ni 3d states, whih were lowered
in energy due to strong hybridization, are transfered bak to higher energies thereby inreasing the
itinerant harater in the material. The Bloh spetral densities evaluated at the high symmetry
points however reveal that the harge redistribution is not uniform over the ubi Brillouin zone, as
new states are seen to be reated at the Γ point, while a shift in the states on the energy sale are
seen at other high symmetry points.
I. INTRODUCTION
Charaterizations revealing the nature of pairing mehanism of the 8K perovskite superondutor MgCNi3 [1℄ are
at odds. The nulear spin- lattie relaxation rate displays the typial behaviour of isotropi s-wave superondutivity
with a oherene peak below the transition temperature TC [2℄. However, the spei heat [1, 3, 4, 5, 6℄ and resistivity
[1, 5, 7, 8, 9℄ measurements imply a moderately oupled superondutor [5, 6, 10, 11℄, whih is well supported by the
tunneling experiments [12℄ as well as theoretial alulations [13, 14℄. The penetration depth measurements however
distintly show a non s-wave BCS feature at low temperature [15℄. Hamiltonian based model alulations, suggest
MgCNi3 to be a d- wave superondutor [16℄. A two band model also have been proposed [3, 4, 17℄ to reonile
the ontroversies in the experiments. Hall oeient and thermoeletri power data [5, 7℄ show that the arriers
are essentially eletrons. However, it was also suggested that the holes in Ni 3d states ould be responsible for
the transport properties, in analogy with the holes in the O 2p states of perovskite oxide superondutors [1℄. The
onstant sattering approximation also shows that the thermoeletri power is hole-like above 10K [18℄. In fat the
multi- band model provides a onsistent interpretation of the temperature dependene of the normal resistivity, Hall
onstant and that of the thermoeletri power [17℄.
The disparity in the experiments may arise due to the exatness in terms of stoihiometry. Compositions namely
Mg1+zCxNi3 with 0.75 ≤ z ≤ 1.55 and 0.50 ≤ x ≤ 1.55 are reported [19℄, when subjeted to dierent synthesizing
routes (For a review, see [20℄). The variation then suggests that the physial properties are intimately related to
the temperature whih an be thought to ontrol the materials omposition and/or onguration making it sensitive
to the hemial nature of the ompound as well as the spei method used for rystal growth. For example, two
dierent phases- the α and β have been synthesized by hanging the sintering temperature [19℄ with β phase being
superonduting while the α phase remain non-superonduting. The major dierene between these two phases is in
the exat C ontent in the material. For high C ontent, the sanning experiments reveal the exess in terms of granules
[10℄. The hange from grain boundary to ore pinning by these intra-granular nano-partiles near the superonduting
transition temperature TC suggests that the arrangement of pinning sites in MgCNi3 is quite unique [10℄. However,
the physial properties unveiled by the system is essentially a bulk property, not pertaining to any interfaes or
miro-strutures. Nevertheless, the TC is sensitive to the C ontent whih dereases with dereasing x, in MgCxNi3
and disappears for materials where x ≤ 0.9 [21℄. The hanges in the normal metal state properties of MgCxNi3 with
respet to dereasing x are what emphasized in the present work.
The C in the otahedral interstitial site of MgCxNi3 has two major roles to play. The spatially extended C 2p
orbitals strongly hybridize with the Ni 3d, thus de-loalizing the eletroni states. Deloalization leads to an overall
redution in its itinerant harater, rendering a denite non-magneti state. Further, the presene of C expands
the unit ell dimensions whih favors soft Ni- derived phonon modes [13℄. A reent C- isotope study [22℄ and B
substitutions at C sites [23℄ show that in addition to the dominant Ni modes [24, 25℄, ertain C modes are also
important in the materials pairing mehanism .
Aording to the mirosopi theory of superondutivity, the ourrene of vaanies may inuene Tc either
through a modiation in the value of the density of states at Fermi energy N(EF ) or through modifying the eletron-
2phonon oupling parameter, or both. The eletron-phonon oupling parameter is proportional to M
〈
ω2
〉
, where M
is the mass of the transition metal and
〈
ω2
〉
is the average squared moment of the phonon spetrum. One expets
that vaanies in the C sub-lattie of MgCxNi3 an have adverse eets on its lattie, eletroni and other related
properties. it is shown in a previous report that the N(EF ) dereases, rather abruptly, as an inreasing funtion of
vaanies [26℄. The derease may be attributed to the disorder smearing of the eletroni bands, in partiular to those
whih onstitute the van-Hove singularity-like feature just below the Fermi energy. However, it is possible that, if not
at at the Fermi energy, at least the upper valene band would get enrihed in states due to breaking of the C-Ni bonds.
This may happen beause some of the Ni 3d states, whih were lowered in energy due to strong hybridization, would
be transfered bak to the higher energies in proportion to the exat onentration of vaanies in the C sub-lattie.
The redistribution an adversely aet the eletroni struture related properties suh as magnetism. Earlier, it was
onjetured that sine the hypothetial MgNi3 shows a denite ferromagneti ground state, the disappearane of
superondutivity for x ≤ 0.9 alloys would be intimately related to the pair-breaking eets [27℄. This, however, is
inonsistent with the experiments whih detet no long-range magneti ordering in MgCxNi3 alloys [21, 26℄.
First- priniples density funtional based alulations are arried out to study the hanges in the equation of
state parameters, viz the equilibrium lattie onstant, bulk modulus and its pressure derivative as a funtion of x
in MgCxNi3. The hanges in the eletroni struture of the disordered MgCxNi3 as a funtion of x are desribed
by means of total and sub-lattie resolved partial density of states, alulated at their respetive equilibrium lattie
onstants. On the other hand the propensity of magnetism in MgCxNi3 with respet to x is studied by means of the
xed spin moment method. The t of the magneti energy with magnetization to the Ginzburg- Landau funtional,
and the variation of the Ginzburg- Landau oeients as a funtion of x suggests that C deienies an enhane
inipient magneti properties. This is onsistent with the self onsistent alulations whih nd a signiant harge
redistribution owing to the transfer of ertain Ni 3d states, from the intermediate energies to that lose to the Fermi
energy.
II. COMPUTATIONAL DETAILS
The ground state properties are alulated using the Korringa-Kohn-Rostoker (KKR) method [28℄ formulated in
the atomi-sphere approximation (ASA) (Ref.[29℄ and referenes therein) with hemial disorder aounted by means
of oherent-potential approximation (CPA) [30℄. For better renements in the alloy energetis, the ASA is orreted
by the use of both the mun-tin orretion for the Madelung energy [31℄ and the multi-pole moment orretion to
the Madelung potential and energy [32, 33℄. These orretions bring signiant improvement in the auray by
taking into onsideration the non-spherial part of the polarization eets [34℄. The partial waves in the KKR-ASA
alulations are expanded up to lmax = 3 inside the atomi spheres. The multi-pole moments of the eletron density
have been determined up to lMmax = 6, and then used for the multi-pole moment orretion to the Madelung energy.
The exhange-orrelation eets are taken into onsideration via the loal density approximation (LDA) with Perdew
and Wang parametrization [35℄. The ore states have been realulated after eah iteration. The alulations are
partially salar relativisti in the sense that although the wave funtions are non-relativisti, rst order perturbation
orretions to the energy eigenvalues due to the Darwin and the mass-veloity terms are inluded. Further, sreening
onstants α and β were inorporated in the alulations, following the presription of Ruban and Skriver [32, 33℄. These
values were estimated from the order(N)- loally self-onsistent Green's funtion method [36℄ and were determined
to be 0.83 and 1.18, respetively. The atomi sphere radii of Mg, C and Ni were kept as 1.404, 0.747, and 0.849
of the Wigner-Seitz radius, respetively. The vaanies in the C sub-lattie are modeled with the help of empty
spheres, and their radius is kept equal to that of C itself. The overlap volume of the atomi spheres was less than
15%, whih is legitimate within the auray of the approximation [37℄. The number of k-points for determining
the total energies were kept in exess- 1771 k-points in the irreduible wedge of the Brillouin zone. The onvergene
in harge density was ahieved so that the root-mean square of moments of the oupied partial density of states
beomes smaller than 10−6. Numerial alulations of magneti energy ∆E(M) for MgCxNi3 are arried out at their
self-onsistently determined equilibrium lattie onstants using the xed spin moment method [38℄. In the xed-spin
moment method the total energy is obtained for given magnetization M , i.e., by xing the numbers of eletrons with
up and down spins. In this ase, the Fermi energies in the up and down spin bands are not equal to eah other
beause the equilibrium ondition would not be satised for arbitrary M . At the equilibrium M two Fermi energies
will oinide with eah other. The total magneti energy beomes minimum or maximum at this value of M .
3III. RESULTS AND DISCUSSION
A. Equation of state
The estimation of the equilibrium lattie onstant is a ritial hek to the various approximations involved in the
method. The KKR-ASA-CPA method estimates the lattie onstant of MgCNi3 to be 7.139 a.u., whih is ∼ 1%
less than the experimental value [1℄. However, the value is onsistent with an earlier full-potential based method
[18℄. This shows that with the mun-tin orretion [31℄ the energetis of the material is desribed more aurately,
almost at par with the full-potential ounterparts. In the neutral spheres approximation [39℄, in whih this orretion
is ignored, the equilibrium lattie onstant for MgCNi3 was determined to be 6.983 a.u.
Total energy minimization en-route to the equilibrium lattie onstants aeq, were extended to ompositions studied
in the range 0.8 ≤ x ≤ 1.0 in MgCxNi3. To estimate the bulk modulus Beq and its pressure derivative B
′
eq, one may
use the third order Birh-Murnaghan equation of state [40, 41℄. The variation of these equation of state parameters
as a funtion of x are shown in Fig.1.
The strutural parameters derease as x dereases in MgCxNi3. The rate of derease in the equilibrium lattie
onstant with respet to x is found to be onsistent with experiments [21℄. The experiments nd the rate of derease
as 0.187 a.u./at%C , while the present alulations nd it to be 0.179 a.u./at%C. The derease in Beq ould be
attributed to the fat that upon reation of vaanies the material beomes some what hollow, making it vulnerable
to high ompressibility. The hange in B
′
eq as a funtion of x shows a minimum in the range of 0.85 < x < 0.90.
The hange in the slope of B
′
eq empirially suggests a hange in the nature of hemial bonding as well as the lattie
properties. In the Debye approximation for isotropi materials, whih assumes a uniform dependene of the lattie
frequenies with volume, one may express the average phonon frequeny in terms of B
′
eq proportional to
δ lnω
δ lnVeq
, where
ω is the average phonon frequeny and Veq is the equilibrium volume of the unit ell. Note that Veq dereases with
derease in x, while B
′
eq dereases and then inreases. Suh a behaviour indiates that the properties assoiated with
the lattie ould be dierent for x < 0.87 and for 0.87 < x < 1.00 alloys.
B. Total and partial densities of states
Upon reation of vaanies in the C sub-lattie, some of the C 2p- Ni 3d bonds break and and it an be expeted
that the 3d states may redistribute in the higher energy spetrum onstituting the valene band. A possible way to
examine this is to investigate the alloy density of states as a funtion of x in MgCxNi3, whih is shown in Fig.2.
The present KKR-ASA-CPA alulations nd N(EF ) for MgCNi3 to be 14.56 state/Ry-atom (or 5.35 states/eV-
ell). The present value is in reasonable agreement with the previously reported values. For example, Szajek reports
the value as 5.26 states/Ry-ell [42℄, Mazin and Singh report as 4.99 states/Ry-ell [18℄, Shim et al as 5.34 states/Ry-
ell [14℄, Rosner et al as 4.8 states/Ry-ell [43℄. Dugdale and Jarlborg [13℄ report N(EF ) to be 6.35 and 3.49
states/eV-ell for two dierent band-struture methods with exhange-orrelation eets onsidered in the LDA and
using the experimental lattie onstant. These results show that N(EF ) is indeed sensitive to the type of the eletroni
struture method employed and also to the numerial values of the parameters like that of the Wigner-Seitz radii and
others. Note that these dierenes are signiant as they ontrol the proximity to magnetism in the Stoner model, as
emphasized by Singh and Mazin [18℄.
As an dereasing funtion of x, a rigid band desription to aount for the movement of EF fails for MgCxNi3.
The peak harateristi of the Ni 3d bands whih lie just below the Fermi energy, however, shows an insensitive
hange in its position on the energy sale. Similar feature has also been reported by Rosner et al [43℄ for alkali metal
substitutions at theMg site inMgCNi3. However, inMgCxNi3, due to disorder broadening of the bands, the N(EF )
is found to dereases. The hange in the total and sub-lattie resolved partial density of states at the Fermi energy
is shown in Fig.3. The initial hange in N(EF ) as x dereases from 1.0 to 0.8 is gradual, however displays a rapid
hange when C is redued further. Suh a derease in N(EF ) do not orrespond to a rigid band piture. Moreover,
the C 2p ontribution to EF dereases monotonially at the rate of ∼ 0.709 states/Ry-atom per at% of C. while Ni
3d ontribution remains more or less unaeted for the range of alloys in 0.95 < x < 1.00.
An earlier alulation based on CPA in the LMTO formalism nds a drasti linear derease in N(EF ) as a dereasing
funtion of x [26℄. The authors report N(EF ) to be 4.26 states/eV-ell (≃11.59 states/Ry-atom) at x= 0.977 whih
dereases quietly linearly to 3.14 states/eV-ell (≃8.54 states/Ry-atom) at x= 0.85. The present alulations, however,
observe a slightly dierent trend in the hange of N(EF ) with dereasing x in MgCxNi3. The N(EF ) at x=0.98 is
alulated as 14.44 states/Ry-atom and that at x=0.85 to be as 14.00 states/Ry-atom. The disrepany may be due
to the assumption of a partiular lattie onstant (experimental value) in the previous TB-LMTO-CPA alulations
[26℄.
4As a prelude to understanding the overall shift in the bands as a funtion of x in MgCxNi3, one may look at the
shift in the potential parameters, in partiular the bottom of the band
BB and the enter of the band BC. The enter
of the Ni 3d band, BCNi shifts approximately by +2.6 mRy from x = 1.0 to 0.8 in MgCxNi3. Note that here +(−)
represents the movement of the orresponding potential parameter towards (away) the Fermi energy. This is a lear
revelation of the fat that the upper valene band beomes enrihed with states, as x is dereased in MgCxNi3. Note
that due to hybridization with the C 2p states, some of the Ni 3d states in MgCNi3 are lowered in energy. Upon
reation of vaanies, a few of the p − d bonds break, and result in harge redistribution. We also observe that the
BCMg shifts away from the Fermi energy by −0.51 Ry from x = 1.0 to 0.8. In fat the CNi6 otahedra is a ovalently
built omplex to whih the strong eletro-positive Mg is thought to have donated its outermost valene eletrons.
The rystal geometry suggests six Ni atoms as the rst nearest neighbors to C with a bond length of 3.60 a.u., and
eight Mg atoms as its seond nearest neighbors with a bond distane of 6.25 a.u. in the unit ell. The Mg-Ni bond
length is 5.09 a.u., and as suh forMg's the rst oordination shell omprises of twelve Ni atoms. For Ni's the seond
nearest oordination shell arries four Mg atoms. Hene, the harge redistribution arising due to the breaking of the
p-d bonds are onsistent with the fat that a larger fration of the harge is transfered bak to the Mg sub-lattie, in
omparison with that of the Ni sub-lattie.
The shift in the
BCNi towards the Fermi energy indiates an aumulation of Ni d states in the upper valene band
whih then opens up two possibilities for the disappearane of superondutivity- (i) The transfer of the states from
low energy to higher energy states, would inrease the itinerant nature of eletrons, thus enhaning the possibility of
spin-utuations, and (ii) if the Ni 3d holes are responsible for superonduting pairing mehanism, then these states
would be annihilated. To proeed further, one may require to deompose the density of the states along various high
symmetry points and/ore diretions of the ubi Brillouin zone.
C. Bloh spetral density of states
A onvenient quantity to desribe the k-resolved density of states of substitutionally disordered systems is the Bloh
spetral funtion AB(k, E), whih is the number of states per energy (E) and wavelength. In the ase of pure metals
the funtion is simply a sum of delta funtions either as funtion of E at a onstant wave vetor k, or as a funtion
of the wave-vetor k for onstant value of the energy. For onstant E = EF , where EF is the Fermi energy the
positions of the peaks in k-spae dene the Fermi surfae of the metal (see Refs.[29, 44℄ and referenes therein). The
k-spae representation is a good desription of the eletroni struture of the alloy although stritly speaking there is
periodiity only on the average. In alloys, the Bloh spetral funtions have their peaks lowered and broadened due
to disorder. Thus, a Fermi surfae for the alloy is still dened through the positions of the peaks but these peaks have
a nite width.
The states at the Γ point of the Brillouin zone are shown in Fig.4. The states orresponding to −1 Ry are primarily
omposed of Mg 3s states. The C 2p-Ni 3d hybrids form a omplex in the energy range -0.6 < E < EF , where EF
is taken as zero of the energy sale. As a funtion of vaany onentration, it is lear from Fig.4 that a rigid-band
piture is violated. States are redistributed at this high symmetry point, with a few of the Ni 3d states lifted to
higher energies, partiularly in the range −0.1 < E < EF . The peak orresponding to −0.5 Ry has in it a omponent
of Mg 3s - Ni 3d hybrid, whih as a funtion of x lowers in energy. The sharp struture just below the Fermi energy
is harateristi of Ni 3d, whih is less sensitive to the vaany onentration. What follows from Fig.4 is that the
eets of vaanies are restrited to the energy range −0.6 < E < EF , with a signiant redistribution of states,
leading to an enhaned Ni 3d harater at EF . There is a slight inrease in the density of states at EF , whih is far
from any rigid-band interpretation.
A at band running lose to the M point of the Brillouin zone has been mapped as a singularity in the DOS of
MgCNi3 [43℄. It has been emphasized that this singularity ould indue magneti instability upon 0.5 holes when
introdued [13, 43℄. Fig.5 shows the hanges in the Bloh spetral funtion forMgCxNi3 alloys at the M point of the
Brillouin zone. The states near the Fermi energy are primarily Ni 3d in harater and do not show any signiant
hange with inrease in vaanies. The major eet of disorder is ontained in two energy region, onentrated at
−0.5 and −0.2 Ry, respetively. These states result from a strong hybridization eet of Ni 3d and C 2p bands.
Upon the reation of vaanies, the states onentrated around −0.5 Ry are raised in energy. The peak at −0.4 Ry
lowers in height, and the states are transfered to −0.2 Ry. The Fermi energy is almost pinned at the foot of the
sharp singularity, thus maintaining the overall harateristi property of the alloy as a funtion of x in MgCxNi3
alloys. The peak that evolves towards the bottom of the valene band is that of the Mg 3s band, whih moves slightly
towards lower energy. We note that in ASA formalism, the height of the spetral peak at a partiular energy do not
exatly refer to the states it holds, sine the relevant matrix elements are ignored. However, a omparison may still
be useful, sine the approximations involved in the alulations are the same.
Figure 6 shows the redistribution of the states at the R point of the Brillouin zone in MgCxNi3 as a funtion of x.
5The states residing deep in energy are due to the Mg 3s states, whih move down as a funtion of inreasing x. The
major eets take plae where C 2p bands are positioned, i.e., at around −0.45 Ry and −0.18 Ry. The states in the
energy range −0.18 < E < EF are stritly Ni 3d in harater whih is least aeted.
The importane of the X point lies in the hole states it aommodates, whih is haraterized by a peak just above
the Fermi energy. As harge redistributes, with the upper valene band beoming more Ni 3d in harater the hole
states are however not annihilated. Instead, the height of the peak dereases, showing a greater dispersion of the
bands. However, as for other high symmetry points, one an see the distortion in those spei regions where C 2p
states dominate.
In all ases, one nds that vaanies do not mimi a rigid band senario. Some of the low lying Ni 3d states, due
to hybridization with C 2p states, are restored bak to the higher energies when the bonds break. Charge transfer to
the Mg sub-lattie is seen to our via movement of the Mg 3s peaks to lower energies as well as an inrease in the
height of the peaks. As the harge redistributes, the nature of the bonding ould be adversely aeted. The ovalent
harater of MgCxNi3 then may derease as an dereasing funtion of x.
D. Magneti properties
Inipient magnetism, due to deloalization of the Ni 3d states owing to the strong hybridization with the C 2p are
probable in MgCNi3. Following the Stoner riteria, it has been antiipated that spin utuations may o-exist with
superondutivity in MgCxNi3 [18℄. This however had been later onrmed in experiments [2, 45℄.
Self onsistent alulations, down to x = 0.8 in MgCxNi3, do not nd any magneti solution. Both spin polarized
and spin unpolarized shows degeneray in their total energies. To understand the hange in the inipient magneti
properties, as a funtion of x in MgCxNi3 alloys, one may then adopt the xed-spin-moment method [38℄ by whih
the the energy dierene between a magneti state with magneti moment M and the paramagneti state, ∆E(M)
(=E(M) − E(0)), for given values of M an be alulated. The alulated ∆E(M) is then tted to the Ginzburg-
Landau equation of form
∑
n>0
1
2n
a2nM
2n
. The alulated results of ∆E(M) are shown in Fig.8. The numbers
shown in the gure denote the C onentration. It an be learly seen that the urve of ∆E(M) is rather at near
M = 0 and the atness inreases as x dereases. The urve is t to the form of a power series of M2n up to the term
for n = 3, for the polynomial as mentioned above. The variation of the oeients, a2 in units of
T
µB
, a4 in
T
µ3
B
, and a6
in
T
µ5
B
as a funtion of x, alulated at the respetive equilibrium lattie onstants are shown in Fig.9. The propensity
of magnetism an be inferred from the sign of the oeient whih is quadrati in M , i.e., a2. The oeient a2 is
the measure of the urvature and is positive denite when the total energy minimum is at M = 0. This refers to the
paramagneti ase. When a2 beomes negative, it infers that there exists a minimum in the E −M urve other than
M = 0 whih then points to a ferromagneti phase. The higher order oeients a4 and a6 are also signiant and
ontrol the variation. In fat, a4 determines whether for a system there exists a metastable state or not.
Consider a ase where a2 is small and positive while a4 is relatively large and negative. In suh a ase, the alulations
extended to large values of M would tend to show a metastable state away from the total energy minimum. Often,
alulations for large values of M , implying large applied external elds, an lead to ambiguous results. Hene, it is
more aurate to arry out alulations for smaller values of M and use the above mentioned polynomial funtion up
to the minimum order, where the urve ts with suient auray.
Fig. 9 shows that for x −→ 0.87, from the C rih side, the alloys tend to enhane their latent magneti properties.
One may also note that a4 tends to beome large and negative. This however is omplimented by an opposite
variation in the oeient a6. Hene, in the renormalized approah to inlude orretions due to spin-utuations
as like given in Ref.([46℄), they would tend to anel out, in proportion, preserving the trend in the variation of a2.
Thus, it beomes more or less onlusive within the approah that the inipient magneti properties assoiated with
C non-stoihiometry in MgCxNi3 would inrease as a funtion of vaanies in the C sub-lattie. If one onsiders the
proximity of a2 −→ 0 as an indiation of spin-utuations, then the alulations within the approximation learly
show that eets of spin-utuations would be dominant in deiding the inipient magneti properties of MgCxNi3
as a funtion of dereasing C. This is onsistent with the movement of the enter of the Ni 3d bands towards Fermi
energy, as well as a very little hange in the N(EF ) as a funtion of dereasing x, determined in the self-onsistent
alulations. Sine magnetism is ontrolled by N(EF ), one may alulate the average density of states over the two
spin bands in the xed-spin moment method. The variation of this quantity as a funtion of M , for x in MgCxNi3
alloys is shown in Fig.10. Note that lattie relaxation ould be important [47℄ and partiularly when x inreases
in MgCxNi3. However, the results that are disussed are stritly for a ase where one may nd a rigid underlying
lattie, and also that the vaanies spread in the alloy is random.
Thus, in general, it follows that as x dereases in MgCxNi3, the propensity of magnetism inreases. However,
sine N(EF ) dereases, the stoner riteria is less fullled, making the material paramagneti denite aording to the
6itinerant models of magnetism.
IV. SUMMARY AND CONCLUSIONS
The hange in the equation of state parameters, density of states and magneti properties of MgCxNi3 are studied
by means of the KKR-ASA-CPA method. Both lattie onstant and bulk modulus derease with dereasing x, while
the pressure derivative of the bulk modulus, whih is proportional to the average phonon frequeny of the material
in the Debye approximation, is found to show an anomaly at about x ∼ 0.87. The N(EF ) dereases, however not as
expeted by a rigid band model. The Bloh spetral density evaluated at the Γ point shows reation of new states
below EF while for other high symmetry points they are shifted on the energy sale. The hange in the oeient a2
in the Ginzburg-Landau equation for magneti phase transition towards lower values suggests that inipient magneti
properties may be enhaned as a dereasing funtion of x in MgCxNi3 alloys. This is onsistent with the fat that
due to bond breaking, some of the low lying Ni 3d states are transfered to higher energies, inreasing the itinerany
of the material.
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Figure 1: The hange in the equation of state parameters whih inlude the equilibrium lattie onstant (aeq) in a.u., bulk
modulus in Mbar and the pressure derivative of the bulk modulus, as a funtion of x in MgCxNi3 alloys.
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Figure 2: The hange in the total density of state as a funtion of x in MgCxNi3 alloys. The inset refers to a blow up near
the Fermi energy.
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tion of x in
MgCxNi3 alloys.
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Figure 4: The hanges in the Bloh spetral density of states AB(k, E) in arbitrary units, resolved at k = Γ for MgCxNi3
alloys, using the LDA KKR-ASA-CPA method. The vertial line through the energy zero represents the Fermi energy.
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Figure 5: The hanges in the Bloh spetral density of states AB(k, E) in arbitrary units, resolved at k = M for MgCxNi3
alloys, using the LDA KKR-ASA- CPA method. The vertial line through the energy zero represents the Fermi energy.
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Figure 6: The hanges in the Bloh spetral density of states AB(k, E) in arbitrary units, resolved at k = R for MgCxNi3
alloys, using the LDA KKR-ASA- CPA method. The vertial line through the energy zero represents the Fermi energy.
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Figure 7: The hanges in the Bloh spetral density of states AB(k, E) in arbitrary units, resolved at k = X for MgCxNi3
alloys, using the LDA KKR-ASA- CPA method. The vertial line through the energy zero represents the Fermi energy.
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Figure 10: The variation in the average DOS at EF as a funtion of magnetization for dierent x in MgCxNi3 alloys from the
LDA xed spin alulations.
